Introduction
============

Lung cancer is still the leading cause of cancer-related deaths in China and worldwide ([@b1-ol-0-0-7993],[@b2-ol-0-0-7993]). Contributing to approximately 85% of lung cancers and including histological types like adenocarcinoma (ADE), squamous cell carcinoma (SCC), large cell carcinoma and mixed histologies, non-small cell lung cancer (NSCLC) is still one of the major threats to human health. Diagnosis of it often occurs so late that nearly two-thirds have lost their opportunity for radical surgery. Against this relentlessly challenging clinical backdrop, establishment of useful biomarkers to facilitate early diagnosis, therapeutic planning as well as prognostic prediction turns out as great essential.

Human runt-related transcription factor (RUNX) family, encoded by genes *RUNX1, RUNX2* and *RUNX3*, have been proved to play pivotal roles in activating and repressing the transcription of principle regulators of growth, survival and differentiation pathways through binding DNA via partnering with the cofactor, CBFβ/PEBP2β (core-binding factor beta subunit/polyomavirus enhancer-binding protein 2 beta subunit) ([@b3-ol-0-0-7993]--[@b6-ol-0-0-7993]). RUNX3, a remarkable biomarker firstly demonstrated in gastric epithelial disorders and cancer, has now emerged to exercise its mainly tumor suppressive activity while partly oncogenic role and interact with other signaling molecules in the context of carcinogenesis in a great variety of cancerous entities ([@b7-ol-0-0-7993]--[@b11-ol-0-0-7993]). Besides gastric tumors, RUNX3 had been reported to be epigenetically inactivated in a wide spectrum of malignancies, including bile duct cancer, breast cancer (BC), pancreatic cancer, colorectal cancer (CRC), prostate cancer, lymphoma, and lung cancer as well ([@b12-ol-0-0-7993]--[@b19-ol-0-0-7993]). Its protein deficiency, however, usually an aftermath of hemizygous deletion, promoter hypermethylation, histone modification as well as protein mislocalization, often lead to TGF-β1-induced cell growth inhibition and result in reduction of sensitivity to cellular apoptosis, ending up as tumorigenesis ([@b9-ol-0-0-7993],[@b20-ol-0-0-7993]--[@b22-ol-0-0-7993]).

Several studies ([@b23-ol-0-0-7993]--[@b25-ol-0-0-7993]) had demonstrated that nuclear localization of RUNX3 expression was the authentic pattern for RUNX3 protein to exert its function as tumor suppressor gene (TSG), any patterns other than nuclear localization (positive in the nucleus and positive or negative in the cytoplasm) were defined as dysfunctioning patterns and rendered inactivated status of RUNX3, associated with worse outcome and shorter overall survival (OS) in BC, gastric cancer (GC) and CRC. Although importance of gene promoter hypermethylation concerning RUNX3 expression in NSCLC had ever been demonstrated in some studies, seldom report had been focused on clinical significance of patient survival with different expression patterns of RUNX3. We wondered if the situation was ever true like what it was in BC, GC and CRC, that NSCLC patients with nuclear localization of RUNX3 would definitely have better OS than those with non-nuclear localization, and if not, what the possible underlying mechanisms would be.

In the present study, we investigated the expression of RUNX3 and proliferation index Ki-67 immunohistochemically and evaluated the apoptotic index by means of TdT mediated dUTP-biotin nick end labelling (TUNEL) method in 188 NSCLCs and analyzed the patients\' OS with different expression patterns of RUNX3 mentioned in other cancer types, and try to interpret its correlations within the clinicopathologic parameters and their clinical significance.

Materials and methods
=====================

### Patients and tissue samples

Archival formalin-fixed, paraffin-embedded tissue sections from a series of 5 normal lung tissue and 188 patients (128 males and 60 females; age range: 36--78 years old) undergone surgery for NSCLC at the Department of Thoracic Surgery of Fujian Cancer Hospital and Fujian Medical University Cancer Hospital during 2010--2011 were selected. None had received chemo- or radio-therapy prior to tissue collection. The histopathologic features of cancerous specimens and TNM staging was determined according to the 8th AJCC guidelines for NSCLC. Grading of SCC into well-, moderately- and poorly-differentiated types is based on an assessment of the degree of differentiation and cellular atypia via hematoxylin and eosin (H&E) staining. Sheets of cells adopting a pavement-like architecture with prominent intercellular bridges characterize well-differentiated tumors. Keratinization is generally present and may lead to the formation of keratin 'pearls'. More pronounced cytologic atypia, increased mitotic activity, and frequent areas of necrosis and hemorrhage characterized moderately differentiated tumors. While those with the appearance of anaplastic large cell or small cell as well as even more obviously cytologic atypia and increased mitotic activity is defined as 'poorly differentiated SCC'. The final follow-up was February 5, 2017 and all patients were available of their survival data. Patients\' survival data were censored if they were still alive or dead of disease other than lung cancer at the date of surveillance. The study protocol was approved by the Human Ethics Review Committee of Fujian Cancer Hospital and Fujian Medical University Cancer Hospital, and a signed informed consent was obtained from each patient.

### Tissue microarray building

A fresh section was cut from each donor block, stained with H&E, and used as a guide to select the morphologically most-representative regions of the tumor from which to sample the individual core needle biopsies ([@b26-ol-0-0-7993],[@b27-ol-0-0-7993]). A duplicate of 1.0 mm diameter cores were then punched from tumor areas of each donor tissue block and introduced into previously prepared recipient paraffin blocks (12×10 Matrix of 1 mm cores), after having made hosting holes in the blocks with a Tissue Microarrayer (Unitma Co., Ltd., Seoul, Korea). We constructed 4 recipient blocks with a maximum of 10×12 dots. With a microtome, 4 µm sections were cut from the TMA blocks and placed onto 3-aminopropyltriethoxysilane-coated glass slides to generate TMA slides for molecular analyses. Some sections were stained with H&E in a routine manner for histological examination.

### Immunohistochemical detection of RUNX3 and Ki-67

Immunohistochemistry was performed with the indirect enzyme-labeled antibody method, as described previously ([@b28-ol-0-0-7993],[@b29-ol-0-0-7993]). For detection of RUNX3, mouse anti-human monoclonal (2B3) RUNX3 antibody (dilution 1:500; Abcam, Cambridge, CA, USA) was used. For detection of Ki-67, rabbit anti-human monoclonal ([@b30-ol-0-0-7993]--[@b9-ol-0-0-7993]) anti-Ki-67 antibody purchased from Roche Applied Science (Penzberg, Germany) was used. TMA sections were deparaffinized with toluene and rehydrated in graded alcohols. After autoclaved for 15 min at 120°C in 10 mM citrate buffer (pH 6.0) for antigen retrieval, endogenous peroxidase was inactivated with 0.3% hydrogen peroxide in methanol for 15 min. The sections were then pre-incubated with 500 µg/ml normal goat IgG dissolved in 1% BSA in PBS (pH 7.4) for 1 h, reacted with primary antibodies for 16 h, washed with 0.075% Brij 35 in PBS, and then incubated with HRP-conjugated goat anti-mouse/rabbit (RUNX3/Ki-67) in 1% BSA in PBS for 1 h. After washing with 0.075% Brij 35 in PBS, the sites of HRP were visualized with DAB and H~2~O~2~. As a negative control, some sections were reacted with normal mouse IgG instead of the specific antibodies. The stained slides were analyzed under a laser scanning microscope (LSM 5 PASCAL; Carl Zeiss AG, Oberkochen, Germany).

### TUNEL staining for apoptotic cells in NSCLCs

To identify nuclei with DNA strand breaks at a cellular level, TUNEL was performed according to the method of Gavrieli *et al* ([@b30-ol-0-0-7993]), with a slight modification. Paraffin sections (5 µm) were cut onto silane-coated glass slides, dewaxed with toluene, and rehydrated in an ethanol series. After washing with PBS, the sections were treated with 5 µg/ml of proteinase K in PBS at 37°C for 15 min. The sections were then rinsed once with deionized distilled water and incubated with TdT buffer (25 mM Tris/HCl buffer, pH 6.6, containing 0.2 M potassium cacodylate and 0.25 mg/ml BSA) alone at room temperature for 30 min. After incubation, the slides were reacted with 200 U/ml TdT dissolved in TdT buffer supplemented with 5 µM biotin-16-dUTP, 20 µM dATP, 1.5 mM CoCl~2~, and 0.1 mM dithiothreitol at 37°C for 1 h. The reaction was terminated by washing with 50 mM Tris/HCl buffer (pH 7.4) for 15 min. Endogenous peroxidase activity was inhibited by immersing the slides in 0.3% H~2~O~2~ in methanol at room temperature for 15 min. The signals were detected immunohistochemically with HRP-conjugated goat anti-biotin antibody, as described previously ([@b28-ol-0-0-7993],[@b31-ol-0-0-7993]). For statistical analysis, more than 10,000 cancer cells/patient were counted, and the number of TUNEL-positive cells was expressed per 1,000 of the total cells (mean ± SEM). Data for different groups were compared for statistical difference using Student t-test. P\<0.05 was considered to indicate a statistically significant difference.. The IHC and TUNEL scoring was performed by a single pathologist (Y. SHI) following consultation with another pathologist (G. CHEN) and in the absence of information on patient\'s outcome or pathology.

### Statistical analysis

The X-tile software program (v3.6.1; Yale University School of Medicine, New Haven, CT, USA) as described previously ([@b32-ol-0-0-7993]) was used to determine the best cutoffs of RUNX3 by dichotomizing them into high and low expression subgroups. The SPSS v24.0 statistical software package (SPSS Inc, Chicago, IL, USA) was employed for all analyses. The association between tested marker and different clinicopathologic parameters of the patients, including age, gender, histology, ECOG PS, smoking status, differentiation SCC, lymphatic vessels invasion, nerve invasion, pleural invasion, vascular invasion, T-staging, N-staging, M-staging, TNM-staging, resectibility, depth of invasiveness, postoperative regional relapse, postoperative metastasis, serum CEA level and expression of Ki-67 were evaluated by Pearson\'s chi-square test, Yates\' continuity correction chi-square test, Fisher\'s exact test or Spearman\'s rank correlation as appropriate. The Kaplan-Meier method with log-rank test was used to estimate probability of OS. P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### Clinicopathological data of patients

As shown in [Table I](#tI-ol-0-0-7993){ref-type="table"}, the diagnosis of 5 normal lung specimen was identically pneumothorax. A total of 3 males and 2 females were enrolled, with an average age of 60.2 years old. The NSCLC patient population included 128 males and 60 females and had a mean age of 58 years old. By histological classification, 75 cases were SCC and 113 were ADE. In the SCC group, the well-, moderately- and poorly differentiated numbers were 4, 57 and 14, respectively. In the ADE group, the predominant growth pattern numbers for lepidic, acinar, papillary, micropapillary and solid were 10, 75, 10, 1 and 17, respectively. As for ECOG performance score the number of \<2 and ≥2 in ADE and SCC was 86 and 27, as well as 59 and 16, respectively. In ADE group, 56 were smokers and 57 were nonsmokers, while in SCC group, the number was 60 and 15. Serum CEA level was found abnormal in 55 ADE and 19 SCC patients. Pleural involvement was positive in 92 ADE and 44 SCC patients. Thirteen ADE and 4 SCC patients were positive of vascular invasion. Fifty-four ADE and 31 SCC patients were positive of lymphatic vessel involvement, while others all negative. Nerve invasion was positive in 1 case in ADE patients, while none was found in SCC patients. Number of negative, nuclear, cytoplasmic and whole-cell localization of RUNX3 expression in ADE was 35, 3, 38, 37 and 20, 7, 14, 34 in SCC respectively. Number of nuclear and non-nuclear expression in ADE was 40 and 73 while in SCC was 41 and 34. As for TNM-staging, the number of stage I through IV was 43, 21, 43 and 6 in ADE, and 25, 20, 30 and 0 in SCC. For T-staging, the number of stage 1a, 1b, 1c, 2a, 2b, 3 and 4 was 1, 7, 13, 58, 15, 12 and 7 in ADE, and 1, 6, 5, 24, 8, 14 and 17 in SCC. For N-staging, the number of stage from 0 through 3 was 54, 17, 31 and 11 in ADE, and 43, 15, 15 and 2 in SCC. For M-staging, the number of stage 0, 1a, 1b and 1c was 107, 3, 2 and 1 in ADE, and 75, 0, 0 and 0 in SCC. Twenty-three ADE and 14 SCC patients received postoperative radiotherapy. Fifty-seven ADE and 41 SCC patients received postoperative chemotherapy. Nineteen ADE and 13 SCC patients received postoperative chemoradiation. Postoperative regional relapse was present in 27 ADE and 20 SCC patients, while postoperative distant metastasis was found in 43 ADE and 24 SCC patients. Postoperative follow-up data were available for all patients, and the median follow-up time in ADE and SCC groups were 60.8 and 60.6 months, respectively.

### Expression level of RUNX3 in NSCLC tissues and its correlation with clinicopathologic variables and OS

H&E staining of normal lung and NSCLC tissue demonstrated the nomaly of histological status used in our study ([Fig. 1A, C, E](#f1-ol-0-0-7993){ref-type="fig"}). RUNX3 was only localized in nuclei of alveolar type II pneumocytes or Clara cells in normal lung tissue ([@b33-ol-0-0-7993]), while in NSCLCs, however, besides nuclei, it could also be localized in cytoplasm or both ([Fig. 1B, D, F](#f1-ol-0-0-7993){ref-type="fig"}). First of all, we divided the cases into subgroups of high and low expression of RUNX3 based on the cutoff point determined by X-tile software, regardless of the localization of its expression and analyzed the correlation between expression levels and clinicopathologic parameters. Later on, we set out to analyze the association between localization of RUNX3 expression and the clinicopathologic parameters, still using the same cutoff to differentiate positive from negative expression. Calculated staining score of immunopositive cells for RUNX3 ranged from 0 to 12 in all tested tissues. According to the X-tile plots ([Fig. 2A-C](#f2-ol-0-0-7993){ref-type="fig"}), we categorized the cancerous samples into low (IHC score ≤3) and high (IHC score \>3) expression subgroups for RUNX3 based on a cutoff point determined by X-tile software related to survival time and status. As shown in [Fig. 2D](#f2-ol-0-0-7993){ref-type="fig"}, the staining score of RUNX3 was significantly higher in normal lung tissue compared to SCC or ADE (12.00 vs. 6.93±0.55 vs. 6.38±0.48, \*\*P\<0.01). Among all 188 NSCLC cases, 55 (29%) were negative of RUNX3 expression and the other 133 were positive, either in nucleus, cytoplasm or both. Among the 133 positive individuals, 10 (5%) were localized in nucleus, 52 (28%) in cytoplasm, and 71 (38%) in both nucleus and cytoplasm ([Fig. 3A-D](#f3-ol-0-0-7993){ref-type="fig"}, [Table I](#tI-ol-0-0-7993){ref-type="table"}).

Correlation of RUNX3 expression and clinicopathologic parameters were determined by means of χ^2^ analysis ([Table II](#tII-ol-0-0-7993){ref-type="table"}), revealing that higher RUNX3 expression was significantly associated with patients with advanced age (P=0.025), lower ECOG PS (P=0.019) as well as absence of postoperative metastasis (P=0.002). In addition, higher RUNX3 expression was observed to have a trend to correlate with absence of LN metastasis (P=0.062) as well as absence of distant metastasis at diagnosis (P=0.083). Eventually, no association had been discovered between expression of RUNX3 and gender (P=0.196), histology (P=0.536), smoking status (P=0.995), cellular differentiation (SCC only, P=1.000), lymphatic vessels invasion (P=0.223), nerve invasion (P=0.492), pleural invasion (P=0.364), vascular invasion (P=0.437), T-staging (P=0.488), mediastinal LN involvement (P=0.464), TNM-staging (P=0.230 or P=0.579), degree of resectibility (P=0.788), depth of invasion (P=0.757), serum CEA level (P=0.160), postoperative regional relapse (P=0.148) or Ki-67 expression (P=0.701). Survival analysis by Kaplan-Meier method with log-rank test indicated that patients with high level of RUNX3 exhibited much better outcome and longer OS than those with low RUNX3 expression (P=0.0142; [Fig. 3E](#f3-ol-0-0-7993){ref-type="fig"}), regardless of various localizations of RUNX3 expression.

Localization of RUNX3 expression in NSCLC tissues and its correlation with clinicopathologic variables and OS. In accordance with Ito *et al* ([@b23-ol-0-0-7993]), after determining the cutoff value of RUNX3 expression, we also categorized all cases into nuclear (positive in the nucleus and positive or negative in the cytoplasm) and non-nuclear groups (including: i) negative in both nucleus and cytoplasm and ii) positive in the cytoplasm while negative in the nucleus) ([Fig. 3A-D](#f3-ol-0-0-7993){ref-type="fig"}). As a result, among 188 NSCLC patients, nuclear localization of RUNX3 was observed in 40 cases in ADE histology and 41 in SCC histology, while non-nuclear was 73 in ADE and 34 in SCC ([Table I](#tI-ol-0-0-7993){ref-type="table"}).

As shown in [Table II](#tII-ol-0-0-7993){ref-type="table"}, correlation of localization of RUNX3 expression and clinicopathologic parameters were analyzed and found that non-nuclear localization was significantly associated with ADE histology (P=0.009), lymphatic vessels invasion (P=0.050), lymph node involvement (P=0.034) and postoperative metastasis (P=0.035). No correlation had been determined between localization of RUNX3 expression and age (P=0.911), gender (P=0.125), ECOG PS (P=0.592), smoking status (P=0.360), cellular differentiation (SCC only, P=1.000), nerve invasion (P=0.431), pleural invasion (P=0.236), vascular invasion (P=0.496), T-staging (P=0.137), mediastinal LN involvement (P=0.652), M-staging (P=0.701), TNM-staging (P=0.774 or P=0.602), degree of resectibility (P=0.868), depth of invasion (P=0.240), serum CEA level (P=0.790), postoperative regional relapse (P=0.671) or Ki-67 expression (P=0.377). However, when focusing on the effect that different localization of RUNX3 expression might have on OS via Kaplan-Meier analysis, we found that no statistical significance had been discovered between patient groups of nuclear and non-nuclear localization of RUNX3 expression (P=0.3781; [Fig. 3F](#f3-ol-0-0-7993){ref-type="fig"}). It had to be noticed that when categorized into 4 subgroups, i.e., negative, nuclear, cytoplasmic and whole-cell expression of RUNX3, patients with negative expression in both nuclear and cytoplasm showed the worst outcome and shortest OS, while the other 3 subgroups had no difference in OS with one other ([Fig. 4A](#f4-ol-0-0-7993){ref-type="fig"}).

### Proliferative and apoptotic evaluation in NSCLC patients with different levels or patterns of RUNX3 expression

As shown in [Fig. 4B, C](#f4-ol-0-0-7993){ref-type="fig"} and [Table II](#tII-ol-0-0-7993){ref-type="table"}, IHC score of Ki-67 for nuclear and non-nuclear localization as well as high and low expression of RUNX3 subgroups were 23.78±2.79% vs. 18.44±2.36% and 21.14±2.14% vs. 19.88±3.36%, respectively, and no statistical significance had been determined between them (P=0.377 and 0.701 respectively). No statistical significance had been demonstrated on apoptotic index between patients with nuclear (n=81) and non-nuclear (n=107) localization of RUNX3 expression (1.62±0.85 vs. 1.58±0.72, P=0.73; [Fig. 4D](#f4-ol-0-0-7993){ref-type="fig"}). However, in comparison to NSCLC patients with low RUNX3 level (n=129), higher apoptotic index had been observed in patients with high RUNX3 expression (n=59) (6.34±1.03 vs. 2.02±0.75, P\<0.001; [Fig. 4E](#f4-ol-0-0-7993){ref-type="fig"}).

The nomaly of tissue used for IHC staining of Ki-67 and TUNEL evaluation is shown in [Fig. 5A and B](#f5-ol-0-0-7993){ref-type="fig"}. Ki-67 staining was illustrated in [Fig. 5C and D](#f5-ol-0-0-7993){ref-type="fig"}. As for apoptotic staining by TUNEL method ([Fig. 5E and F](#f5-ol-0-0-7993){ref-type="fig"}), cells with the morphological characteristics of apoptosis were identified as chromatin condensation and nuclear fragmentation, which were accompanied by rounding up of the cell, reduction in cellular volume (pyknosis) and retraction of pseudopodes. In addition, formation of crescentic caps of condensed chromatin at the nuclear periphery, and formation of apoptotic bodies could also be observed (Arrows). The immunostaining of RUNX3 with low and high expression, based on which patients were divided into different subgroups is shown in [Fig. 5G and H](#f5-ol-0-0-7993){ref-type="fig"}.

Discussion
==========

Loss of expression or protein mislocalization had both been indicated as patterns of dysfunction regarding RUNX3 expression in malignant tumors like GC, CRC and BC ([@b23-ol-0-0-7993]--[@b25-ol-0-0-7993]), which was correlated with worse prognosis and shorter OS in these cancer entities. Other studies also demonstrated that methylation-related transcriptional silencing of RUNX3 played pivotal roles in the onset and progression of malignancies like esophageal cancer, hepatocellular carcinoma, pancreatic cancer, prostate cancer, and lung cancer as well ([@b34-ol-0-0-7993]--[@b36-ol-0-0-7993]).

Expression RUNX3 is one of the most interesting topics that deserves further study in a variety of cancer types. In order to identify the significance of RUNX3 expression on NSCLC patients, we immunohistochemically detected the expression level as well as expression patterns like protein localization of RUNX3 in 188 patients. In the present study, 4 expression patterns were demonstrated, i.e., negative, nuclear, cytoplasm and whole-cell localization of RUNX3 protein. Obvious difference had been discovered of the OS for these 4 categories of patient population, with the negative subgroup the worst, while other 3 subgroups almost identical in OS (P=0.0495; [Fig. 4A](#f4-ol-0-0-7993){ref-type="fig"}).

Since accumulated evidences had revealed that patients with different RUNX3 expression patterns like nuclear and non-nuclear localization in BC, CRC and GC manifested quite different OS, similar analysis was carried out in NSCLC in the present study, demonstrating that non-nuclear localization of RUNX3 (including: i) negative in both nucleus and cytoplasm and ii) positive in the cytoplasm while negative in the nucleus) was significantly associated with ADE histology (P=0.009), lymphatic vessels invasion (P=0.050), lymph node involvement (P=0.034) and postoperative metastasis (P=0.035). However, Kaplan-Meier survival analysis with log-rank test didn\'t indicate any statistical difference between these two patient cohorts (P=0.3781, [Fig. 3F](#f3-ol-0-0-7993){ref-type="fig"}), which was quite different from what Soong *et al* ([@b25-ol-0-0-7993]), Kang *et al* ([@b37-ol-0-0-7993]) and Ito *et al* ([@b23-ol-0-0-7993]) had reported in BC, CRC and GC, that patients with nuclear expression of RUNX3 (positive in the nucleus and positive or negative in the cytoplasm) would definitely have better outcome and longer survival than those with non-nuclear expression.

Since no survival discrepancy had been demonstrated between nuclear and non-nuclear RUNX3 localization in NSCLC, we thus set out to analyze the data by dividing patients into subgroups of high and low RUNX3 expression with the cutoff value determined via X-tile software, irrespective of its expression localization, and evaluated the associations between RUNX3 expression level and clinicopathologic parameters, showing that higher RUNX3 expression was significantly associated with patients with advanced age (P=0.025), lower ECOG PS (P=0.019) and absence of postoperative metastasis (P=0.002). Surprisingly, Kaplan-Meier survival analysis demonstrated that, in comparison to NSCLC patients with lower RUNX3 level, those with higher level of RUNX3 exhibited much better outcome and longer OS (P=0.0142; [Figs. 2A-C](#f2-ol-0-0-7993){ref-type="fig"}, [3E](#f3-ol-0-0-7993){ref-type="fig"}), as was quite different from the survival analysis between patient subgroups with different expression localization.

Interestingly, further analyses on the correlations between RUNX3 expression level/pattern and clinicopathologic parameters demonstrating that both expression level and localization of RUNX3 were strongly correlated with postoperative distant metastasis in NSCLC patients, that\'s, patients with higher level of RUNX3 stood a less chance of metastasis (P=0.002) while those with non-nuclear pattern of RUNX3 expression showed higher probability of distant metastasis after surgery (P=0.035). In addition, in analyzing the correlation between different expression level/pattern of RUNX3 with LN status which was one of the major prognostic factors in NSCLC, we found that non-nuclear RUNX3 expression was obviously correlated with positive LN involvement (N1-3 vs. N0, P=0.034) and marginally correlated with lymphatic vessels invasion (P=0.050), while no statistical relationship had been determined when referred to expression level of RUNX3 ([Table II](#tII-ol-0-0-7993){ref-type="table"}). Further, higher level of RUNX3 was found to be correlated with older patients (P=0.025) and better ECOG PS (P=0.019), while neither of them significantly correlated with expression localization (both P\>0.05). Interestingly, non-nuclear RUNX3 expression was majorly found in patients with ADE histology (P=0.009) while expression level of RUNX3 didn\'t make any difference between ADE and SCC (P=0.536). Our previous study had demonstrated that tissue type, smoking status, ECOG PS, postoperative relapse and postoperative distant metastasis were several prognostic factors correlated with NSCLC patients\' OS ([@b28-ol-0-0-7993]), and expression level of RUNX3 was testified to be closely correlated with the some major prognostic factors of OS like postoperative metastasis, ECOG PS, and etc. Several recent study indicated that loss of RUNX3 expression promoted cell migration ([@b38-ol-0-0-7993]), cancerous angiogenesis and increased microvessel density ([@b39-ol-0-0-7993]) in cancers. Taken together, these could partially explain why RUNX3 expression level could be the influencing factor for OS.

As had been well-documented that RUNX3 played a pivotal role in the management of cellular proliferation as well as apoptosis in a variety of cancer cell types, we then set out to evaluate the proliferating as well as apoptotic index in NSCLC patients with different level or localization of RUNX3 expression. No statistical difference in Ki-67 expression had been demonstrated either between patient subgroups of different expression level or between subgroups with different localization of RUNX3 expression (both P\>0.05; [Figs. 4B and C](#f4-ol-0-0-7993){ref-type="fig"}; [5C and D](#f5-ol-0-0-7993){ref-type="fig"}; [Table II](#tII-ol-0-0-7993){ref-type="table"}). However, as far as the apoptotic index was concerned, compared to those with low level of RUNX3, NSCLC patients with high RUNX3 level exhibited significantly higher apoptotic index (P\<0.001; [Fig. 4E](#f4-ol-0-0-7993){ref-type="fig"}, [5E and F](#f5-ol-0-0-7993){ref-type="fig"}), while no statistical significance had been determined in relation to the apoptotic index between subgroups of nuclear and non-nuclear localization of RUNX3 expression (P=0.73; [Fig. 4D](#f4-ol-0-0-7993){ref-type="fig"}). This could partially explain why NSCLC patients with high RUNX3 would have better outcome than those with low level, for cancer tissue with higher RUNX3 would probably suffer from higher apoptotic index and be more sensitive to therapeutic regimens.

The mechanism of transcription silencing or protein mislocalization of RUNX3 had in part been illustrated as gene mutation, hypermethylation of the promoter or exon of RUNX3 gene as well as alteration of some specific upstream or downstream proteins like src kinase, transforming growth factor beta (TGF-β) and AT motif binding factor 1 (ATBF1) as well. Goh *et al* ([@b40-ol-0-0-7993]), demonstrated that overexpression of src kinase resulted in the tyrosine phosphorylation and cytoplasmic localization of RUNX3 in kidney and cervical cancer cell lines, and knockdown of src or inhibition of its kinase activity resulted in re-localization of RUNX3 to the nucleus in these cell lines. Mabuchi and colleagues revealed that just like RUNX3, ATBF1 was also able to shuttle between cytoplasm and nucleus in GC cells and there was a close connection in nuclear localization between them. It\'s verified that there was a physical association between ATBF1 and RUNX3, both of them could translocate from cytoplasma to nucleus in response to TGF-β signal transduction ([@b41-ol-0-0-7993]). The statement above could partially illustrate the phenomenon of different localization of RUNX3 in some cancerous types, however, whether the same activity and underlying mechanism would also exist and work in the context of NSCLC or not might still need further verification in the future.

Recently, a great number of studies demonstrated that hypermethylation of RUNX3 promoter was mostly cancer-specific and more frequent in ADE than in SCC histology ([@b13-ol-0-0-7993],[@b42-ol-0-0-7993]) and could be utilized as a molecular diagnostic marker for NSCLC. Fujii *et al* ([@b43-ol-0-0-7993]), reported that EZH2 was able to bind directly to the promoter of RUNX3, boosting the methylating level of histone H3 lysine 27 (H3K27), resulting in expression loss of RUNX3 in gastric, breast, prostate, colon and pancreatic cancer cell lines. EZH2 can also direct DNA methylation by recruitment of DNA methyltransferases (DNMTs) to target gene promoters, suggesting that it may be a significant causative factor of aberrent methylation in cancer. Our previous study ([@b28-ol-0-0-7993]), demonstrated that reduced EZH2 expression in NSCLC was correlated with ADE histology, non-smoking status, low DNA methylation level at CCGG sites and decreased cancerous proliferating activity. Interestingly, further analyses on our previous data indicated that there was obvious difference in expression direction of EZH2 and its catalytic substrate histone H3 lysine 27 among NSCLC patients with different smoking status (data not shown). That is, trend of H3K27me3 and EZH2 expression was in the same direction in the majority of smokers, while in nonsmokers, their expression trend was mostly in the opposite direction, which was partly consistent with Zhang *et al\'*s findings ([@b44-ol-0-0-7993]). Taken together, we hypothesized that the underlying mechanism of different expression level and localization of RUNX3 in NSCLC might probably be connected with the epegenetic markers like H3K27me3 and its methyltransferase EZH2 in part, and further investigation on these markers in different expression patterns of RUNX3 might probably shed some light on the detailed roles that RUNX3 might play in onset as well as progression in patients with NSCLC.

Conclusively, our study indicated loss of expression rather than cytoplasmic mislocalization of RUNX3 predicted worse outcome in NSCLC, and could probably be used as a good biomarker in predicting the prognosis in lung cancer patients.
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![(A) X-tile plots of RUNX3 expression for optimal cutoff point (3; P\<0.05), which is demarcated by a black circle. (B) The cutoff point was used to separate low RUNX3 expression (blue) from high expression (gray) in the expression frequency histogram of the whole sample set (n=188). (C) Kaplan-Meier curve for evaluating the survival of sample subsets defined by RUNX3 expression \<3 (blue line) and \>3 (gray line). (D) RUNX3 expression differed in different lung tissues. Data are presented as the mean ± standard deviation. \*\*P\<0.01 vs. NOR. RUNX3, runt-related transcription factor 3; ADE, adenocarcinoma; SCC, squamous cell carcinoma; NOR, normal tissues.](ol-15-04-5043-g01){#f2-ol-0-0-7993}

![Different localizations of RUNX3 expression; (A) negative, (B) nucleus, (C) cytoplasm, and (D) nucleus and cytoplasm (magnification, ×400; scale bars=20 µm). (E) Kaplan-Meier curves of overall survival in different levels of RUNX3 expression in patients with NSCLC. High expression of RUNX3 (green line) was associated with a better prognostic outcome and longer overall survival while low expression of RUNX3 (red line) was associated with poor prognosis and shorter overall survival (P=0.0142). (F) Kaplan-Meier curves of overall survival in different localization of RUNX3 expression in patients with NSCLC. No statistical significance of overall survival between nuclear expression of RUNX3 (upper, continued line) and non-nuclear expression of RUNX3 (lower, dotted line) was determined (P=0.73). Overall survival, OS; RUNX3, runt-related transcription factor 3; NSCLC, non-small cell lung cancer.](ol-15-04-5043-g02){#f3-ol-0-0-7993}

![(A) Kaplan-Meier curves of overall survival in different localizations of RUNX3 expression in patients NSCLC: Negative, nucleus, cytoplasm, and nucleus and cytoplasm (P=0.0495). Patients with negative expression exhibited the worst survival, while no statistical significance of overall survival was observed among nuclear, cytoplasmic and whole-cell expression of RUNX3 (P\>0.05). In patients with (B) nuclear and non-nuclear expression of RUNX3 or (C) different expression levels of RUNX3, Ki-67 expression demonstrated no statistical difference (P\>0.05). (D) In patients with nuclear and non-nuclear expression of RUNX3, TUNEL positive index demonstrated no statistical difference (P=0.73). (E) Apoptotic index in patients with higher expression level of RUNX3 prevailed significantly over those with low expression level of RUNX3 (P\<0.001). \*\*P\<0.01. Overall survival, OS; NSCLC, non-small cell lung cancer; RUNX3, runt-related transcription factor 3; TUNEL, terminal deoxynucleotidyl transferase mediated dUTP-biotin nick end labelling.](ol-15-04-5043-g03){#f4-ol-0-0-7993}

![Cellular dynamic parameters between patients with NSCLC and different expression levels of RUNX3. H&E staining for NSCLC tissue with (A) low and (B) high level of RUNX3. Immunostaining for Ki-67 in NSCLC tissue with (C) low and (D) high level of RUNX3. TUNEL staining for apoptotic cells in NSCLC tissue with (E) low and (F) high level of RUNX3, characterized by chromatin condensation and nuclear fragmentation, which were accompanied by cell swelling, reduction in cellular volume (pyknosis) and retraction of pseudopodes. Formation of crescentic caps of condensed chromatin at the nuclear periphery, and formation of apoptotic bodies could also be observed (indicated by arrows). (G) Negative staining for RUNX3; (H) positive staining for RUNX3 in NSCLC. Magnification, ×400; scale bars=20 µm. NSCLC, non-small cell lung cancer; RUNX3, runt-related transcription factor 3; H&E, hematoxylin and eosin; TUNEL, terminal deoxynucleotidyl transferase mediated dUTP-biotin nick end labelling.](ol-15-04-5043-g04){#f5-ol-0-0-7993}

###### 

Clinicopathological parameters of patients.

                                     No. of cases (%)   
  ---------------------------------- ------------------ -----------
  Median age (years)                 57.5               59.0
  Median follow-up (months)          60.8               60.6
  Age (years)                                           
    ≤58                              64 (56.6)          39 (52.0)
    \>58                             49 (43.4)          36 (48.0)
  Gender                                                
    Male                             63 (55.8)          65 (86.7)
    Female                           50 (44.2)          10 (13.3)
    Histology                        113 (60.1)         75 (39.9)
  ECOG PS                                               
    \<2                              86 (76.1)          59 (78.7)
    ≥2                               27 (23.9)          16 (21.3)
  Smoking status                                        
    Yes                              56 (49.6)          60 (80.0)
    No                               57 (50.4)          15 (20.0)
  Serum CEA (ng/ml)                                     
    \<4.7                            58 (51.3)          56 (74.7)
    ≥4.7                             55 (48.7)          19 (25.3)
  Pleural invasion                                      
    Yes                              92 (81.4)          44 (58.7)
    No                               21 (18.6)          31 (41.3)
  Vascular invasion                                     
    Yes                              13 (11.5)          4 (5.3)
    No                               100 (88.5)         71 (94.7)
  Lymphatic vessels invasion                            
    Yes                              54 (47.8)          31 (41.3)
    No                               59 (52.2)          44 (58.7)
  Nerve invasion                                        
    Yes                              0 (0)              0 (0)
    No                               113 (100)          75 (100)
  Localization of RUNX3                                 
    Negative                         35 (31.0)          20 (26.7)
    Nucleus                          3 (2.7)            7 (8.9)
    Cytoplasm                        38 (33.6)          14 (18.7)
    Whole-cell                       37 (32.7)          34 (45.3)
  Nuclear RUNX3 expression                              
    Yes                              40 (35.4)          41 (54.7)
    No                               73 (64.6)          34 (45.3)
  TNM staging                                           
    I                                43 (38.1)          25 (33.3)
    II                               21 (18.6)          20 (26.7)
    III                              43 (38.1)          30 (40.0)
    IV                               6 (5.2)            0 (0)
  T-staging                                             
    1a                               1 (0.9)            1 (1.2)
    1b                               7 (6.2)            6 (8.0)
    1c                               13 (11.5)          5 (6.7)
    2a                               58 (51.3)          24 (32.0)
    2b                               15 (13.3)          8 (10.7)
    3                                12 (10.6)          14 (18.7)
    4                                  7 (6.2)          17 (22.7)
  N-staging                                             
    0                                54 (47.8)          43 (57.3)
    1                                17 (15.0)          15 (20.0)
    2                                31 (27.4)          15 (20.0)
    3                                11 (9.8)             2 (2.7)
  M-staging                                             
    0                                107 (94.7)         75 (100)
    1a                               3 (2.7)            0 (0)
    1b                               2 (1.8)            0 (0)
    1c                               1 (0.8)            0 (0)
  Differentiation (SCC)                                 
    Well                             /                  4 (5.3)
    Moderately                       /                  57 (76.0)
    Poorly                           /                  14 (18.7)
  Predominant growth pattern                            
    Lepidic                          10 (8.8)           /
    Acinar                           75 (66.4)          /
    Papillary                        10 (8.8)           /
    Micropapillary                   1 (1.0)            /
    Solid                            17 (15.0)          /
  PORT                                                  
    Yes                              23 (20.4)          14 (18.7)
    No                               90 (79.6)          61 (81.3)
  Postoperative chemotherapy                            
    Yes                              57 (50.4)          41 (54.7)
    No                               56 (49.6)          34 (45.3)
  Postoperative chemoradiation                          
    Yes                              19 (16.8)          13 (17.3)
    No                               94 (83.2)          62 (82.7)
  Postoperative regional relapse                        
    Yes                              27 (23.9)          20 (26.7)
    No                               86 (76.1)          55 (73.3)
  Postoperative distant metastasis                      
    Yes                              43 (38.1)          24 (32.0)
    No                               70 (61.9)          51 (68.0)

ECOG PS, Eastern cooperative oncology group performance score; RUNX3, runt-related transcription factor 3; nuclear expression, including nuclear expression and both nuclear and cytoplasmic expression of RUNX3; non-nuclear expression, including negative and cytoplasmic expression of RUNX3; PORT, postoperative radiotherapy; SCC, squamous cell carcinoma; CEA, carcinoembryonic antigen.

###### 

Associations between expression level or localization of RUNX3 and clinicopathological parameters in patients with NSCLC.

                                                             RUNX3^[b](#tfn4-ol-0-0-7993){ref-type="table-fn"}^ level   RUNX3 localization                                                                              
  ---------------------------------------------------------- ---------------------------------------------------------- -------------------- ---- ---------------------------------------------------- ----- ---- ----- ----------------------------------------------------
  Age^[a](#tfn3-ol-0-0-7993){ref-type="table-fn"}^ (years)                                                                                        0.025                                                                 0.911
    ≤58                                                      103                                                        63                   40                                                        103   44   59    
    \>58                                                     85                                                         65                   20                                                        85    37   48    
  Gender                                                                                                                                          0.196                                                                 0.125
    Female                                                   60                                                         37                   23                                                        60    21   39    
    Male                                                     128                                                        91                   37                                                        128   60   68    
  Histology                                                                                                                                       0.536                                                                 0.125
    ADE                                                      113                                                        75                   38                                                        113   40   73    
    SCC                                                      75                                                         53                   22                                                        75    41   34    
  ECOG PS                                                                                                                                         0.019                                                                 0.125
    \<2                                                      145                                                        105                  40                                                        145   64   81    
    ≥2                                                       43                                                         23                   20                                                        43    17   26    
  Smoker                                                                                                                                          0.995                                                                 0.360
    Yes                                                      116                                                        79                   37                                                        116   53   63    
    No                                                       72                                                         49                   23                                                        72    28   44    
  Differentiation (SCC)                                                                                                                           1.000^[c](#tfn5-ol-0-0-7993){ref-type="table-fn"}^                    0.697
    Poorly                                                   14                                                         10                   4                                                         14    7    7     
    Well+moderately                                          61                                                         43                   18                                                        61    34   27    
  Lymphatic vessels invasion                                                                                                                      0.223                                                                 0.050
    Yes                                                      85                                                         54                   31                                                        85    30   55    
    No                                                       103                                                        74                   29                                                        103   51   52    
  Nerve invasion                                                                                                                                  0.492^[c](#tfn5-ol-0-0-7993){ref-type="table-fn"}^                    0.431^[c](#tfn5-ol-0-0-7993){ref-type="table-fn"}^
    Yes                                                      1                                                          1                    0                                                         1     1    0     
    No                                                       187                                                        127                  60                                                        187   80   107   
  Pleural invasion                                                                                                                                0.364                                                                 0.236
    Yes                                                      136                                                        90                   46                                                        136   55   81    
    No                                                       52                                                         38                   14                                                        52    26   26    
  Vascular invasion                                                                                                                               0.437^[c](#tfn5-ol-0-0-7993){ref-type="table-fn"}^                    0.496
    Yes                                                      17                                                         13                   4                                                         17    6    11    
    No                                                       171                                                        115                  56                                                        171   75   96    
  T-staging                                                                                                                                       0.488                                                                 0.137
    T1-2                                                     138                                                        92                   46                                                        138   55   83    
    T3-4                                                     50                                                         36                   14                                                        50    26   24    
  N-staging-1                                                                                                                                     0.062                                                                 0.034
    N0                                                       97                                                         72                   25                                                        97    49   48    
    N1-3                                                     91                                                         56                   35                                                        91    32   59    
  N-staging-2                                                                                                                                     0.464                                                                 0.652
    N0-1                                                     129                                                        90                   39                                                        129   57   72    
    N2-3                                                     59                                                         38                   21                                                        59    24   35    
  M-staging                                                                                                                                       0.083^[c](#tfn5-ol-0-0-7993){ref-type="table-fn"}^                    0.701^[c](#tfn5-ol-0-0-7993){ref-type="table-fn"}^
    M0                                                       182                                                        126                  56                                                        182   79   103   
    M1                                                       6                                                          2                    4                                                         6     2    4     
  TNM staging-1                                                                                                                                   0.230                                                                 0.774
    I--II                                                    109                                                        78                   31                                                        109   46   63    
    III--IV                                                  79                                                         50                   29                                                        79    35   44    
  TNM staging-2                                                                                                                                   0.579                                                                 0.602
    I                                                        68                                                         48                   20                                                        68    31   37    
    II--IV                                                   120                                                        80                   40                                                        120   50   70    
  Resectibility                                                                                                                                   0.788                                                                 0.868
    R0                                                       145                                                        98                   47                                                        145   62   83    
    R1-2                                                     43                                                         30                   13                                                        43    19   24    
  Invasiveness                                                                                                                                    0.757                                                                 0.240
    IS/MI                                                    24                                                         17                   7                                                         24    13   11    
    Invasive                                                 164                                                        111                  53                                                        164   68   96    
  Serum CEA (µg/ml)                                                                                                                               0.160                                                                 0.790
    ≤4.7                                                     114                                                        82                   32                                                        114   50   64    
    \>4.7                                                    74                                                         46                   28                                                        74    31   43    
  Postoperative regional relapse                                                                                                                  0.148                                                                 0.671
    Yes                                                      47                                                         28                   19                                                        47    19   28    
    No                                                       141                                                        100                  41                                                        141   62   79    
  Postoperative metastasis                                                                                                                        0.002                                                                 0.035
    Yes                                                      67                                                         36                   31                                                        67    22   45    
    No                                                       121                                                        92                   29                                                        121   59   62    
  Ki-67                                                                                                                                           0.701                                                                 0.377
    ≤10%                                                     108                                                        73                   36                                                        109   44   65    
    \>10%                                                    79                                                         55                   24                                                        79    37   42    

NSCLC, non-small cell lung cancer; All, all cases; H, high expression; L, low expression; RUNX3, runt-related transcription factor 3; nuclear expression, including nuclear expression and both nuclear and cytoplasmic expression of RUNX3; non-nuclear expression, including negative and cytoplasmic expression of RUNX3; ADE, adenocarcinoma; SCC, squamous cell carcinoma; ECOG PS, Eastern cooperative oncology group performance score; TNM, tumor-node-metastasis; IS, *in situ*; MI, minimally invasive; CEA, carcinoembryonic antigen

average value

cutoff point determined by X-tile software

Fisher\'s exact test (two-sided); χ^2^ test for all other analyses.
